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VIRALLY-SAFE FACTOR VIII WITH A LOW CONTENT OF HIGHER 

MULTIMERS 

The present invention relates to a plasma-derived, 
5 virally-safe Factor VIII composition obtained after nanometric 
filtration, whose von Willebrand Factor content (vWF) is 15 % 
or less of decamers and higher multimers. Such compositions 
show a reduction of virus titre by a factor that is higher 
than 4 log, and are therefore suitable for treating 

10 haemophilia. 

The availability of coagulation factor, has been a public 
health problem for some time. To meet demand, industrialists 
have developed techniques for producing recombinant factors 
and it was thought that over the longer term these would take 

15 over from production using plasma pools. However the 
quantities produced still appear to be unsatisfactory and 
investments for developing these products are fairly 
considerable. Also an immunity reaction against these 
recombinant factors is seen in some patients, which implies 

2 0 the administering of a high dose to arrive at the desired 
therapeutic effect. Finally, some patients do not tolerate 
recombinant factors. 

Therefore the production of plasma-derived coagulation 
factors remains a major challenge. 

2 5 Factor VIII or ant i -haemophilia factor is a plasma 

protein present in small concentrations in human plasma. This 
factor catalyses biochemical reactions of blood coagulation by 
increasing the reaction rate to lead to the formation of a 
clot of haemostatic fibrin obtained from soluble fibrinogen 

3 0 subjected to the action of thrombin in the presence of 

calcium. Factor VIII takes part in the series of reactions 
leading to thrombin formation which is the enzymatic activity 
responsible for converting fibrinogen into fibrin. The central 
point of coagulation therefore lies in the presence and 
35 activation of FVIII. 
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Haemophilic persons, who are FVIII deficient, are treated 
by injection of these purified FVIIIs obtained either by- 
genetic recombination or by extraction from human plasma. 

In the latter case, methods for virus inactivation and/or 
5 removal must be applied to protect haemophilia patients 
treated with these concentrates against any infection due to 
viruses transmissible by blood or its derivatives: hepatitis 
A, B, C viruses, HIV or Parovirus B19.. 

Therefore one of the essential problems related to the 

10 preparation of Factor VIII from plasma lies in the need to 
inactivate and/or remove viruses originally contained in the 
blood, at least in accordance with laid down standards, whilst 
maintaining an optimum Factor yield after preparation. 
Numerous virus inactivation techniques have therefore been 

15 developed, such as dry heating, pasteurising, solvent- 
detergent treatment. All these techniques are relatively 
effective against enveloped viruses but the inactivation or 
removal of non-enveloped viruses, in particular small viruses 
such as Parovirus B19 or hepatitis A virus, form a major 

20 obstacle . 

More recent technologies use the virus retaining 
capacities of membranes of small pore size. These technologies 
indeed show remarkable efficacy against small-size viruses 
such as Parovirus B19 or hepatitis A virus, and can be applied 

25 to proteins of low molecular weight. However the cut-off 
thresholds used, less than 900 kD, exclude considering the 
filtration of high molecular weight proteins or protein 
complexes such as Factor VIII without a major yield loss. 

Factor VIII is a complex protein edifice of an active 

30 protein, FVIII, carried by a protein of high molecular weight 
to which FVIII is bound by ionic and hydrophobic bonds. This 
high molecular weight protein is the von Willebrand Factor 
(vWF) consisting of a group of elementary monomers of varying 
multimerisation leading to tetramer-assembled structures and 

35 even up to structures containing more than sixteen monomers. 

Depending upon the FVIII purification methods used, the 
end product may contain vWF at varying degrees of 
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multimerisation (METZNER, HERMENTIN et al - Haemophilia 
(1998), 4 (Suppl.3), 25-32. 

Yet in our patent FR 97 15888 we described how it is 
possible to filter plasma-derived FVIII, despite its size, 
5 while retaining viruses 20 nm or greater in size, through 
filters having an approximate porosity of 15 nm with a 
chaotropic ion concentration of at least 0.2M. 

More recently, research conducted to improve this method 
and • to choose different types of filter materials has shown 

10 that filter pore size and technical limits may vary from one 
manufacturer to another. It therefore appeared necessary to 
find a quick, reproducible test with which it is possible to 
verify that the end product does meet health requirements. 

The assurance that viruses have been removed by filtering 

15 is guaranteed by validation methods made on the filter after 
the FVIII solution has been passed. These methods may entail 
measurement of gaseous diffusion through the membrane for 
example or, for cuprophane filters, measurement of calibrated 
colloidal gold particles passing through the filter. 

2 0 But no method refers to the actual filtered product 

itself to determine whether or not it has undergone filtration 
able to retain viruses within laid down limits. 

A finer analysis of the composition of FVIII multimers 
before and after filtration was conducted, at the same time as 

25 measurement of the reduction in virus titre provided by 
filtration of Factor VIII. 

In surprising, unexpected manner we have found that the 
reduction of high molecular weight vWF multimers, measured in 
the filtrates of FVIII, correlates with the efficacy of virus 

30 retention by the filter. In addition, by verifying multimer 
content, we have discovered that it is possible to filter at 
approximately 2 0 nm. We therefore propose, a new means for the 
high yield production and characterisation of FVIII which 
meets the requirements of virus removal by nanometric 

35 filtration. 

Description 
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According to a first characteristic the present invention 
concerns a plasma-derived, pharmaceutical Factor VIII 
composition whose viral safety corresponds to a reduction 
factor of more than 4 log, which meets safety requirements for 
5 virus removal by filtration. The FVIII composition made 
virally safe is characterized by a low residual -content of 
high-multimerisation vWF. 

More specifically the invention concerns a plasma -derived 
Factor VIII composition, obtained after filtering through a 
10 nanometric filter of nominal pore size 15±2 nm to 23±2 nm, 
characterized in that its content of von Willebrand Factor 
(vWF) is 15% or less of decamers and higher multimers. In this 
composition, the titre of a virus of size 27±3 nm is reduced 
by a factor of 4 log or more, preferably 5 log, advantageously 
15 6 log compared with the solution before filtration. 

This composition may be in the form of an injectable 
solution by intravenous, intramuscular or subcutaneous route 
for example. 

The invention also concerns the correlation between the 
20 presence of no more than 15 % decamers and higher multimers of 
vWF and a virus titre reduction factor of at least 4 log. 

Therefore, according a second characteristic, the 
invention concerns a method for testing the viral safety of a 
plasma-derived Factor VIII composition, said method comprising 

2 5 a step consisting of determining the residual content of high 

multimerisation vWF. In particular it will be considered that 
a composition is virally safe if less than 15% vWF decamers 
and higher multimers is detected. 

According to an additional characteristic, the. invention 

3 0 relates to a test kit which can be used to implement the 

above-mentioned method, containing the necessary reagents for 
assay of vWF multimers whose multimerisation is 10 or over. 

The invention also concerns a method for preparing a 
virally-safe Factor VIII solution comprising a filtering step 
3 5 through nanometric filters of nominal pore size 15±2 nm to 
23±2 nm, i.e. a range of 13 nm to 25 nm, and an assay step of 
von Willebrand Factor (vWF) decamers and higher multimers. The 
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assay step preferably consists of verification that the 
content of vWF decamers and higher mutimers is no more than 
15%. For example, a sample is subjected to gel electrophoresis 
to separate the multimers per size. The multimers are 
5 visualized using a 1-125 labelled anti-vWF antibody or other 
labeller. The light intensity of each strip, each 
corresponding, to a vWF multimer, is determined and the limit 
content of higher multimer is calculated. Rabbit anti-vWF can 
also be used (Darko Corp, USA) and a second rabbit anti-Ig 

10 antibody conjugated with horseradish peroxidase (HRP) , the 
multimers being visualized using a commercially available 
chemiluminescent kit (ECL detection kit, Amer sham Pharmacia) 
to detect HRP on Western blots. 

On completion, Factor VIII solutions are obtained whose 

15 factor of virus titre reduction, for a virus of size 27 + 3 nm, 
is 4 log or more, preferably 5 log, advantageously 6 log. 
Before filtration the Factor VIII solution optimally comprises 
a chaotropic ion, CaCl 2 for example, at a concentration of 0.2 
M or over,, for example 0.2 5 or 0.35 M. 

20 The invention also concerns the use of a composition as 

mentioned above to prepare a medicinal product intended for 
the treatment of diseases related to blood coagulation, 
haemophilia in particular. 

25 Example 1: Method for preparing safe FVIII by filtering 
through a 15 nm nanometric filter, and verification of >10 
multimerisation vWF content. 

The viruses tested are Phi X 174 bacteriophages, non- 
enveloped viruses, of diameter 2 7±3 nm. 
3 0 Virus culture and assay is conducted in accordance with 

AFNOR norm NF T 72-181. 

The FVIII is collected on leaving the Toyopearl DEAE 
column and brought to pH6; the CaCl 2 concentration is brought 
to 0.35 M. The temperature of the solution and filter is 
35 thermo-regulated at 35°C and filtering pressure is adjusted to 
less than 100 mbar. 

Under these conditions, the flow rate is 1.2 1/h per m 2 . 
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FVIII : C yield is approximately 70% with respect to the 
FVIII : C before filtration. Table I below gives the 
distribution of vWF multimers: 



vW Factor 


Before 
filtering 


After 
filtering 


<pentamers 


41 % 


53 % 


5 to 9 mers 


34 % 


34 % 


10 to 15 mers 


15 % 


9 % 


16 mers and + 


11 % 


4 % 



Table I: Distribution of multimers (Planova® 15N) 
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A significant reduction in decamers/pentadecamers is 
found: distribution falls from 15 % to 9 %. 

For hexadecamers and over, the reduction is even more 
significant: from 11 % to 4 %. 

Assay of Phi X 174 viruses shows a reduction of 6 log on 
filtration. 



Example 2: Method for preparing safe FVIII by filtering 
15 through a 2 0 nm nanometric filter and verification of >10 
multimerisation vWF content. 
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Filtering is made through a filter of similar type 
(cuprophane, Planova) but of different porosity (20 to 22 nm) , 
the FVIII solution obtained as in Example 1 is adjusted to pH6 
and 0.45 M CaCl 2 is added. Pressure is adjusted to 17 mbar and 
the solution and filter assembly is thermo-regulated at 35°C. 

Under these conditions the flow rate is 1.2 1/h per m 2 
and the FVIII yield is 80 % with respect to the initial FVIII. 

Table II below gives the composition of vWF multimers: 



vW Factor 


Before 
filtering 


After 
filtering 


< pentamers 


47 % 


56 % 


5 to 9 mers 


32 % 


34 % 


10 to 15 mers 


13 % 


10 % 


16 mers and + 


11 % 


2 % 



Table II: distribution of vWF multimers (Planova P21) 
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The decamers-pentadecamers are significantly reduced 
falling from 13 % to 10%. 

The hexadecamers are drastically reduced from 11 % to 2 

5 %. 

The reduction factor of virus, tit re is 4.3 log. 

Example 3: High pressure filtration through a porosity of 

approximately 2 0 nm 
10 For the purpose of examining the performance of the 

Planova 21 filter under higher pressure conditions and at room 

temperature, the FVIII solution is adjusted to pH6 and CaCl 2 

concentration is brought to 0.35 M. The temperature is 22°C 

and. the pressure is adjusted to 400 mbar. 
15 Under these conditions, the filtering rate reaches 5 1/h 

per m 2 and the Factor VIII yield is 64% with respect to the 

starting product. 

Table III gives the vWF multimer composition: 



vWF mul timers 


Before 
filtering 


After 
filtering 


< 5 mers 


44 % 


50 % 


5 to 9 mers 


34 % 


35 % 


10 to 15 mers 


13 % 


8 % 


16 mers and + 


10 % 


7 % 



Table III: Distribution of vWF multimers 
(Planova 21 at high pressure) 



The decamers-pentadecamers are reduced from 13% to 8%. 
25 The hexadecamers and higher are reduced from 10% to 7%. 

The reduction factor of virus titre is 6.1 log. 

Example 4: Test on a filter of 20 nm polysulfone type at high 
pressure 

3 0 For the purpose of validating another type of filter, a 

FVIII filter test was conducted on a filter of type 
polysulfone DV20 (Pall) . This type of filter tolerates higher 
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pressures than cuprophane filters. Therefore Example 3 was set 
up to evaluate the performance of the cuprophane filter at 
higher pressure in order to collect observations under similar 
conditions. 

5 The FVIII solution is brought to pH6 in the presence of 

0.35 M CaCl 2 . The solution and filter are thermo-regulated at 
35°C. The pressure required to operate the filter is 950 mbar. 
Under these conditions the mean flow rate is 7 1/h per m2 . 

The Factor VIII yield is 70% with respect to initial 
10 FVIII. 

Table IV gives the vWF multimer composition. 



vWF multimers 


Before 
1 filtering 


After 
filtering 


< 5 mers 


35 % 


53 % 


5 to 9 mers 


38 % 


30 % 


10 to 15 mers 


27 % 


12 % 


16 mers and + 


10 % 


6 % 



Table IV: Distribution of vWF multimers 
(DV2 0 Pall, polysulfone) 

15 

The hexadecamers undergo a drastic reduction from 10 % to 

6 % 

However, virus titre reduction is only 2.1 log which is 
far below the norm fixed by regulatory authorities (> 4 log) 
20 to demonstrate the efficacy of a virus elimination method for 
the purpose of reducing the potential viral content of a 
product derived from human plasma. 

Conclusion 

25 Table V groups together the sum of multimer values from 

the decamer. It is found that: when the sum of vWF decamers 
and higher multimers is no more than 15%, the reduction in 
virus, titre is always > 4 log. 

On the other hand, if this sum exceeds 16 %, the 
30 reduction in viral titre is less than 4 log. 

This correlation between vWF multimers of order 10 and 
higher and virus presence is probably related to filter 
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passing phenomena according to conditions of filtration, 
porosity, type of filtering materials, filter texture, pore 
geometry. All these parameters may have an influence on the 
retaining or non-retaining of viruses. The tests applied to 
5 the filter, after use, give an indication of its efficacy but 
it is only in the case of the invention that the filtered 
product, Factor VIII accompanied by FVIII mul timers 
characterized according to their extent of multimerisation, 
that the assurance of efficient filtering for virus retention 

10 can be given. 

The virus retention efficacy of > 4 log is therefore 
related to a distribution of vWF multimers in the filtrate of 
no more than 15% multimers of multimerisation > 10. These data 
are summarized in Table V: 

15 - " 





Example 1 


Example 2 


Example 3 


Example 4 




Before 


After 


Before 


After 


Before 


After 


Before 


After 


Multimers 10-15 


15 % 


9% 


13 % 


10 % 


13 % 


8 % 


27 % 


12 % 


Multimers 16+ 


11 % 


4 % ! 


10 % 


2 % 


10 % 


7 % 


10 % 


6 % 


Total 


26 % 


13 % 


23 % 


12 % 


23 % 


15 % 


37 % 


18 % 


Virus reduction 
factor (log) 


6.0 


4.3 


6.1 


2.1 



Table V: Correlation between viral reduction factor (Rf) and > 
10 mer vWF multimer composition. 



